For many countries in the world, especially developing countries, the agricultural sector contributes low income to the country. However, this sector consumes the largest amount of water. Water is essential for the production of agricultural goods and services, which generate income and create national wealth. Therefore, this paper studied the relationship of water use for agricultural purposes in 154 countries and their economic development. In this study, the economic development in a country, as indicated by per capita GNI, was separated into 4 income groups, based on the World Bank criteria: (1) high income; (2) upper-middle income; (3) lower-middle income; and (4) low income. The results of the study revealed that water use for agricultural purposes usually takes the highest proportion of water consumption in low, lower-middle, and upper-middle income countries. The study also indicated that the quantity of water used for agricultural purposes gradually increased with the income of a country; that is, the greater the income, the more agricultural water was used. On the other hand, less water was consumed in high-income countries.
Introduction
Water resources are important to economic development, as water is essential to the production of agricultural goods and services. Globally, the major use of water (70%) is in the agricultural sector. In developing countries, whose income mainly depends on agricultural products, water use in agriculture can occupy up to 90 percent of all water withdrawals (FAO, 2010) . However, these agricultural products generate only a small amount of income for these countries. In developed countriesdsuch as the countries located in North America and Europedapproximately 40 percent of water is used in the agricultural sector, less than the amount of water used for industrial purposes (FAO, 2010) . As water is a main factor in the production of agricultural products, which contribute to the national income, the hypothesis of this study is that 'there is a relationship between the agricultural water use and the level of economic development of a country'. The research question in this paper is "what kind of relationship is there between agricultural water use and the level of development?"
Although the study of the relationship between water and economic development has been extensively pursued by several researchers and international development agencies, including ADB (2013), Berry (2011) , FAO (2010) , Grey and Sadoff E-mail address: piamchan@yahoo.com. Peer review under responsibility of Kasetsart University.
Available online at www.sciencedirect.com ScienceDirect j o urna l h om epag e: http://www.elsevier.com/locate/kjss Musouwir (2010), and World Bank (2010) , none of them focuses on the relationship between agricultural water use and the level of economic development. To fill the gap, this paper studied the relationship of water use in the agricultural sector and the level of economic development. The scope of work covered agricultural water use in 154 countries. The economic development category was divided into four levels according to economic development indices: high income, upper-middle income, lower-middle income, and low income.
The paper is divided into six sections. Section Review on water resources and development briefly reviews the empirical literature on economic growth and water resources. Section Data and methodologies provides the data and information on the methodologies adopted in the study. Section Limitations presents the limitations. Section Results analysis presents the results of the analyses, followed by conclusions and policy implications in Section Conclusion and policy implications.
Review on water resources and development
Water resources are insufficient because fresh water makes up only 0.003 percent of the total amount of water resources worldwide (45,000 out of 1,400 million cubic km). Moreover, there is only 9,000e14,000 cubic km of water for human use (FAO, 2010) . The global demand for water is increasing for many reasons such as population and economic growth (Ringler, 2010) , and urbanization (Biswas, 2010) . By 2030, the world's population is expected to grow by 2 billion people and will require approximately 50 percent more food, compared to the data for 1998 (FAO, 2010) . By 2030, more than half of the world's population will be in urban areas. Urbanization is a cause of rapid economic growth, meaning that there will be an increase in water demand. Therefore, water scarcity is going to be a big issue in the near future. Approximately two-third of the world's population will encounter water stress conditions in 2025 and about 1.8 billion people will face absolute water scarcity (UN Water, 2010) . The annual water supply will drop below 1,700 cubic m per person, which means that many countries are going to face a water shortage issue. Therefore, water conflicts among all types of water usersdagriculture, domestic, and industrialdare going to occur and will lead to obstacles in a country's economic growth.
Water and economic development
The water issue is now of concern worldwide. Several international organizations, such as USAID, ADB, World Bank, and UN Water, have launched many projects and arranged many conferences focused on water resources and development with the objective to address the problems and ultimately come up with solutions for the issues. Due to such concern, World Water Day has been established on 22 March every year. In addition, numerous researchers have studied the relationship between water and economic development from various aspects. For example, investment in water resources generates growth (Biswas, 2010; Grey & Sadoff, 2007; Musouwir, 2010; World Bank, 2008) . Access to water and sanitation generates growth (Berry, 2011; HSBC, 2012; World Bank, 2010) , water disasters (floods and drought) disrupt a country's growth (GRID-Arendal, 2002 ) and the water available for agricultural and economic development (OECD, 2008 (OECD, , 2009 ).
Water resources infrastructure
There is a causality between economic development and investment in water resources. Investment in infrastructure for these resource helps to create national growth. Wealthy countries have higher ability to invest in such infrastructure and management. Grey and Sadoff (2007) point out that investment in and management of water resources in rich and poor countries make their economic development different. The rich have invested in water resources for a long time and now enjoy the benefit from the investmentda reduced poverty rate and increased economic growth. On the other hand, poor countries are still suffering from water shortage situations due to the lack of water infrastructure and good management systems. This issue is sometimes an obstacle to the development of the country and is one of the causes of poverty and famine. A report from World Bank (2008) revealed that investing in water infrastructure, especially in the agricultural sector, has resulted in poverty reduction and economic growth in the Sub-Saharan African countries. It can be seen that both water resource infrastructure and decent management support a country's growth and development. A study by Musouwir (2010) in 22 developing African countries found that there was a significant relationship between the national budget for water supply and sanitation and Gross Domestic Product (GDP) per capita, excluding rainfall. Research by Biswas (2010) illustrated the dissimilarity in the urbanization process between the mega cities in developed and developing regions. While there are effective water and wastewater infrastructure and relevant services in developed countries, those infrastructure and services in developing regions are poor. In OECD countries, the water infrastructure is usually obsolete and needs reinvestment to handle global and climate change.
Agricultural water use
Economic growth leads to high water demand (Ringler, 2010) in all sectorsdagricultural, industrial, and domestic. The percentage share of use is different in different countries, depending on their economic development. For developing countries, agriculture takes the biggest proportion of water use (accounting for 70e90% of all water withdrawal). The study of agricultural water is also extensive, including various related issues, for example, the link of agricultural water use and food security (FAO, 2010) and water management in the agricultural sector (OECD, 2010) . Water and food supplies have a solid connection; water is essential in agriculture, both for crop production and animal farming, which is the main resource for food supply. The process of food production requires large amounts of water, especially animal farming. For example, to produce 1 kg of daily food for a person, 2e5 cubic m (2,000e5,000 L) of water are required; to produce 1 kg of beef requires 15,500 L of waterdthree times the water k a s e t s a r t j o u r n a l o f s o c i a l s c i e n c e s 3 7 ( 2 0 1 6 ) 3 8 e4 5 used for daily food (FAO, 2010) . The demand for food has been steadily rising and has increased by 64 percent for meat and 31 percent for cereals, while fresh water resources are restricted. A report from the UN states that approximately three quarters of the world's population could face scarcities of freshwater by 2050 (Ringler, 2010) . Therefore, the increase in food demand results in the scarcity of global water resources. Because water is essential for food production, the scarcity of water results in food shortages, leading to famine and under-nourishment. This situation takes place in low income countries, where people depend on local agriculture for food. In addition, the lack of infrastructure, including poor management of the water supply system, leads to food shortages, and finally food instability due to insufficient water supply (Grey & Sadoff, 2007) .
Agricultural water management
As demand for food and water is rising, farmers need to find efficient ways to use water and to improve agricultural water management. For the OECD countries, governments have launched policies to support the agricultural sector to encourage production and water use efficiency. In addition, water management for agriculture via water-related agencies and property rights, is also promoted (OECD, 2006) .
Although the study of agricultural water use is ample, no paper has focused on the relationship between such use and a country's development level. Therefore, this paper has pioneered the analysis of such a relationship. In this study, the wealth of countries is represented by the GDP. A country's economic development level is indicated by per capita GNI based on the World Bank data.
Data and Methodologies
The data and information used in the study were collected from various sources: (1) the information of water use in 154 countries was taken from Black and King (2009) , and (2) economic indicators such as the per capita GNI were taken from the World Bank. These 154 countries were classified into four income levels, based on the World Bank database (World Bank, 2014), as follows: 1) high income group ($12,616 or more) consisting of 44 countries; 2) upper middle-income group ($4,086-$12,615) consisting of 38 countries; 3) lower middle-income group ($1,036-$4,085) consisting of 41 countries; and 4) low income group ($1,035 or less) consisting of 31 countries.
The methodologies adopted in this study are as follows.
1) Collect information on water use, especially for agricultural purposes 2) Collect economic development indicators 3) Classify the economic development level 4) Analysis of agricultural water use of each country 5) Analysis of the relationship of agricultural water use and development level 6) Discuss the relationship of agricultural water use and economic development
Limitations
The paper uses agricultural water use as the factor to investigate each country's development. In fact, there are various factors that are linked to development such as water resource infrastructure and water resource management.
Results Analysis
Percentage of agricultural water use
The following results illustrate the share of water use for agricultural purposes among all types of water use (industrial use and domestic use) of the four income groups (Tables  1e4) .
High income group
Among the 28 OECD countries in the high income group, only 7 have the highest proportion of water use for agricultural purposes. For the-non OECD countries, 9 out of 16 use the largest amount of water in agriculture. This implies that agriculture is not a key sector for most OECD countries because the sector does not consume the highest share of total water use. This result supports the claim that the economic structure of a rich country is mostly industrial. It can be noticed that several rich countries, which are not members of the OECD, have a high dependence on other natural resources. For example, Qatar's GDP is dominated by oil and its byproducts (Table 1) .
Upper-middle income group
The results indicated that approximately 75 percent (26) of non OECD countries with upper-middle income use a major share of water for agricultural purposes. This illustrates that agriculture is the economic foundation of these countries. They rely to a high level on water for goods and service production. Of the OECD countries, only Mexico has a major share of water use in agriculture (Table 2) .
Lower-middle income group
Approximately 90 percent (37 countries) in the lower-middle income countries have a major share of water use in the agricultural sector. Similar to the upper-middle income group, the agricultural sector is important to the economy of these countries (Table 3) .
Low income group
Like the lower-middle and upper-middle income countries, agriculture is very important to the economies of this group. The results showed that 84 percent (26) of the low income countries use the highest share of water for agricultural purposes (Table 4) .
Quantity of agricultural water use
Considering the quantity of agricultural water use in the four income level groups, as shown in Figure 1 , the average water use in the agricultural sector was 325, 489, 688, and 447 cubic k a s e t s a r t j o u r n a l o f s o c i a l s c i e n c e s 3 7 ( 2 0 1 6 ) 3 8 e4 5 m per person in the low income, middle income, uppermiddle income, and high income countries, respectively. It can be seen that the lowest income group has the lowest amount of water use in agriculture. This is due to the fact that this group of countries has limited investment in water infrastructure, resulting in a lack of water storage. These countries have a high dependence on rainfall, and this group is somewhat vulnerable to natural disasters, including floods and droughts. This is supported by the percentage of irrigated area, the percentage of the population with access to improved sanitation and the percentage of the population with access to improved water sources (Table 5) . The amount of water use in agriculture slightly increases in the lower-middle income group where the infrastructure, including the water management system, is still inefficient. The upper-middle income group consumes the highest amount of water at 688 cubic m. The quantity of water in these countries is derived from the large investment in infrastructure in the past. However, the large amount of water use necessary to produce the agricultural goods and services of k a s e t s a r t j o u r n a l o f s o c i a l s c i e n c e s 3 7 ( 2 0 1 6 ) 3 8 e4 5
these countries takes place at the expense of overspending on water resources. This implies there is an inefficiency of water management that can occur at different levels of water management. Improvements in institutions and management are necessary for the group. It can also be seen that the average amount of agricultural water use in rich countries is lower than the amount in the middle income countries. The amount of water is lower there because of investment, resulting in a highly efficient water management system and the resultant economic growth. Overall, it can be seen clearly that unlike the high income regions, the agriculture sector is the main sector in the lower income, lower-middle income, and upper-middle income countries. The low to upper-middle income groups have the highest share of water use in agriculture at approximately 70e90 percent. These countries use large amounts of water for the agricultural sector compared to the rich countries. This shows that countries with a high amount of water use for agriculture do not experience high economic growth, thus implying the inefficiency of water use is occurring in the process of using agricultural water. In addition, the impropriate management of water institutions is another factor.
Conclusion and Policy Implications
The relationship was studied between agricultural water use and economic development, using per capita GNI to represent economic development. The quantity of water use in the agricultural sector in the four income groups of countries surveyed revealed that agricultural water use in the three country groupsdlow income, lower-middle income, and upper-middle incomeddepends on the agricultural sector. This sector is the main user of water. Therefore, a lack of or inadequate use of water causes water crises and finally economic stagnation. On the other hand, in the rich countries, water use in agriculture plays an insignificant role in the economy, as it can be seen that the water use in agriculture takes the second largest share of water use because the high income countries mostly rely on the industrial sector and technology. Furthermore, these countries have invested in water infrastructure and their economic structure has already shifted from an agricultural to an industrial economy, leading to lower water use in agriculture. These results imply that the difference in the level of economic development can be used to identify the amount of agricultural water use.
Because the demand of water use for all purposes, especially for food production, is increasing, policy makers, especially in developing countries, should provide strategies that help these countries improve their water supply, from both the quantity and quality aspects. An increase in agricultural productivity may help developing countries escape from poverty. More efficient use of water in developing countries is vital. In addition, improvement in agricultural water management and the relevant agencies is essential for both developing and developed countries. Finally, water charges should be used to reduce wastage and this is recommended for further study. In addition, supporting measures should be introduced to encourage more innovation and better management. Figure 1 e Average agricultural water use of the four income groups k a s e t s a r t j o u r n a l o f s o c i a l s c i e n c e s 3 7 ( 2 0 1 6 ) 3 8 e4 5
